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(54) INDUCTION HARDENED PARTS 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide induction hardened parts, which can 
sufficiently ensure fatigue strength against torsion and bending, even in large parts 
such as a crank shaft further are superior in workability in a state before quenching, 
and thereby can be inexpensively manufactured. 

SOLUTION: These induction hardened parts are characterized by employing a steel 
material which includes, by mass%, an Fe content of 95% or more, and as essential 
additional elements. 0.35-0.50% C, 0.02-0.15% Si, 0.5-1% Mn, 0.05-0.50% Cr, 0.002-0.03% 
Al, 0.02-0.05% Ti, and 0.0005-0.003% B, and N restrained to 0.015 mass% or less. The 
steel material has a hardness index of 1.1-1.5. a hardenability index of 0.50-0.75, and a 
mixed phases structure consisting of ferrite and pearlite after having been air-cooled 
from 1,000° C. in which an area rate of ferrite is 20-40%. The parts composed of the 
steel material have a quench hardened layer 10 formed on the surface layer by 
induction hardening. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2..**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The steel materials which form a components material is [ Fe content ] more than 95 mass %. As an indispensable alloying 
element C of 0.35 - 0.50 mass %, Si of 0.02 - 0.1 5 mass %, Mn of 0.5 - 1 mass % ? Cr of 0.05 - 0.5 mass %, aluminum of 0.002 - 0.03 mass 
%, Ti of 0.02 - 0.05 mass % and B of 0.0005 - 0.003 mass % are contained. Content of N is made below into 0.015 mass %, and further 
the carbon conversion factor shown in Table 1 The degree-of-hardness characteristic given with the totaled value which multiplied the 
mass % content of each alloying element, respectively is set to 0.5-0.75. WC, WSi, WMn, and WCr are used for each mass % content of 
C, Si, Mn, and Cr. Hardenability conversion parameter f (C) defined as shown in Table 2, f (Si), The hardening sex index expressed in 
the sum total off (Mn) and f (Cr) is set to 1.1-1.5. Furthermore, the induction hardening components characterized by coming to form 
the hardening hardening layer to be the steel materials with which the organization when carrying out air cooling turns into a mixed 
phase organization of the ferrite and pearlite whose rate of ferrite area is 20 - 40% from 1000 degrees C, and according to induction 
hardening to a bill-of-materials layer. 

[Claim 2] The induction hardening component according to claim 1 said whose steel materials are the things of Pb of 0.01 - 0.2 mass %, 

S of 0.02 - 0.2 mass %, Bi of 0.01 - 0.1 mass %, and calcium of 0.0005 - 0.02 mass % which contain either at least. 

[Claim 3] The induction hardening component according to claim 1 or 2 with which it comes to make t/R into 0.2-0.5 when a pore has 

the shaft-like part which comes to carry out opening formation in a peripheral face and thickness of said hardening hardening layer 

[ in / for the outer diameter of said shaft-like part / 2R and the opening periphery section of said pore ] is set to t. 

[Claim 4] It has the basic surface formation section which has a plane basic surface, and the shaft-like part projected and formed from 

said basic surface. In the protrusion end face section of said shaft-like part It comes to form the fillet section which makes an outer 

diameter increase gradually, so that it goes to said basic surface side. When thickness of said hardening hardening layer formed in 2R* 

and said fillet section front face in the outer diameter of said fillet section measured in the arbitration location in the direction of an 

axis of said shaft-like part is made into t\ Induction hardening components given in claim 1 which comes to make maximum in said fillet 

section of t'/R' into 0.1-0.2 thru/or any 1 term of 3. 

[Claim 5] Induction hardening components given in claim 1 which it comes to constitute as a crankshaft which comes to have the 
structure connected by turns with the crank journal arranged in the crank arm arranged at the predetermined spacing in the direction 
of axis of rotation so that said axis of rotation and medial-axis line may be in agreement, and the crank pin which has a medial-axis line 
in radial from said axis of rotation in a fixed spur isolation ****** location thru/or any 1 term of 4. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

. [Field of the Invention] This invention of the crankshaft for automobiles etc. is large-sized, and relates to the induction hardening 
components with which the high endurance over a bending load and a torsion load is demanded. 
[0002] 

" [Description of the Prior Art] Since large-sized structural parts for power, such as a crankshaft for machine structural steel worker 
components, for example, automobiles, are used under the environment where a big torsion load and a bending load act repeatedly, to 
excel in static reinforcement and fatigue strength is demanded. Conventionally, forming a hardening hardening layer in a front face with 
induction hardening, and raising fatigue strength, after casting such a shank article in the configuration of a request [ steel materials ] 
of a material by processing (for example, forging) between heat or between ** is performed. Generally as steel materials, the medium 
carbon steel which does 0.4-0.6 mass % content of C, for example is used. 
[0003] 

[Problem(s) to be Solved by the Invention] It is known that the fatigue strength of the machine structural steel worker components by 
which induction hardening is carried out will improve remarkably by making the hardness and formation thickness of a hardening 
hardening layer increase. C was begun, by addition of Si, Mn, Cr, or B, improvement in hardness or improvement in hardenability was 
aimed at and, specifically, high intensity-ization of a member is attained. 

[0004] Here, in order to aim at improvement in on the strength according to increase of hardening hardening layer thickness, the 
thickness of a member must also enlarge formation thickness of a hardening hardening layer relatively, so that an outer diameter 
increases. However, since the absolute value of the thickness of the hardening hardening layer which can be formed with induction 
hardening has a limit when it is large-sized components like a crankshaft, the thickness of a hardening hardening layer tends to be 
insufficient to member thickness or an outer diameter, and it is difficult [ it ] to attain sufficient high intensity-ization. In this case, if 
the hardness of the core into which baking does not go is made to increase, fatigue strength will improve, but in this case, in case a 
material is processed in the condition before hardening, the problem which big difficulty produces is in that workability. 
[0005] Also in large-sized components like a crankshaft, this invention can fully secure the fatigue strength to torsion or bending, and, 
moreover, the workability in the condition before hardening is good as a result to offer the induction hardening components which can 
be manufactured cheaply. 
[0006] 

[Means for Solving the Problem and its Function and Effect] In order to solve the above-mentioned technical problem, the induction 
hardening components of this invention The steel materials which form a components material is [ Fe content ] more than 95 mass %. 
As an indispensable alloying element C of 0.35 - 0.50 mass %, Si of 0.02 - 0.15 mass %, Mn of 0.5 - 1 mass %. Cr of 0.05 - 0.5 mass %, 
aluminum of 0.002 - 0.03 mass %, Ti of 0.02 - 0.05 mass % and B of 0.0005 - 0.003 mass % are contained. Content of N is made below 
into 0.015 mass %, and further the carbon conversion factor shown in Table 1 The degree-of- hardness characteristic given with the 
totaled value which multiplied the mass % content of each alloying element respectively is set to 0.5-0.75. WC, WSi, WMn, and WCr are 
used for each mass % content of C f Si, Mn, and Cr. Hardenability conversion parameter f (C) defined as shown in Table 2, f (Si), The 
hardening sex index expressed in the sum total off (Mn) and f (Cr) is set to 1.1-1.5. Furthermore, it is the steel materials with which 
the organization when carrying out air cooling turns into a mixed phase organization of the ferrite and pearlite whose rate of ferrite 
area is 20 - 40% from 1000 degrees C, and is characterized by coming to form the hardening hardening layer by induction hardening at 
a bill-of-materials layer. 

;ooo7] 

Table 1] 







C 


1.00 


S i 


0. 07 


Mn 


0. 16 


Cu 


0. 19 


N L 


0.17 


C r 


0. 20 



[0008] 
[Table 2] 
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f (C) 


2. 4W c S -8. 2W c 4 +HW c 3 -7. 6W c 2 +3. 1W C 


f (S i) 


-0. 04 W s i 2 +0.27W s J 


f (Mn) 


0. 015W M n 5 -0. 19W M n 4 +0. 72W M n 3 -l. 2W M n 2 +l. 3W M n 


.f (Cr) 


-0. 058W C r 4 40. 29W C r 3 -0. 6W C r 2 +0. 87W C r 



[0009] In this invention, in the steel-materials presentation, the presentation permission setting range of C, Si, Mn, Cr, aluminum, Ti, 
and B which are an indispensable alloying element was appointed as mentioned above, respectively, and further, the content of each 
essential element was defined so that the hardening sex index expressed with the total value of f (C), f (Si), f (Mn), and f (Cr) set to 
Table 2 on the assumption that this might satisfy 1.1-1.5. By this, the extensive improvement of the hardenability of steel materials can 
be carried out, and sufficient hardening hardening layer can be formed also in a large-sized member, as a result the fatigue strength to 
torsion or bending can fully be secured. On the other hand, the degree-of-hardness characteristic given with the value which multiplied 

. the mass % content of each alloying element by the carbon conversion factor which shows the content of each alloying element 
containing an indispensable alloying element in Table 1, respectively, and was totaled is set to 0.50-0.75, and the conditions from which 
the rate of ferrite area serves as a mixed phase organization of the ferrite and pearlite whose organization when carrying out air cooling 

• from 1000 more degrees C is 20 - 40% are also set to be satisfied with coincidence. That is, the degree of hardness of the material 
before hardening is optimized, and since the amount of pearlite formation in which the workability of an air-cooling organization is 
reduced is also comparatively small and it is stopped, although reinforcement is high, the induction hardening components which can be 
manufactured cheaply also realize workability in the condition before hardening good as a result. 

[0010] In addition, the steel materials adopted as this invention may contain components other than an indispensable alloying element 
(for example, nickel for hardenability adjustment, Cu, etc.) within limits from which Fe content fills more than 95 mass %, and does not 
become the hindrance of the purpose achievement of this invention. 

[0011] The trial which checks the meaning of a degree-of-hardness characteristic and a hardening characteristic is performed by [ as 
being the following ]. First, air cooling is carried out after processing into a bar with an outer diameter of 40-70mm the steel materials 
which contain C, Si, Mn, Cu, nickel, and Cr by various presentations and holding further for 1 hour at 1000 degrees C which is 
complete-austenitizing temperature. The result of having plotted the value of the Rockwell C-scale-weighting hardness HRC measured 
on the bar front face to the degree-of-hardness characteristic computed using the carbon conversion factor of Table 1 is shown in 
drawing 4 . Although presentations differ variously, when a presentation is converted into a degree-of-hardness characteristic and 
hardness is plotted, in order that almost linear relation may be materialized among both and a degree-of-hardness characteristic may 
perform hardness prediction, it turns out that it is a suitable parameter. As for HRC, a degree-of-hardness characteristic serves as the 
range of 85-98 in the range of 0.50-0.75. It becomes necessarily enough less to mean that HRC becomes less than 85 in general, and 
maintain the reinforcement to bending or torsion of a large-sized structural part that a degree-of-hardness characteristic becomes 
less than 0.5. On the other hand, that a degree-of-hardness characteristic exceeds 0.75 leads to meaning that HRC exceeds 98 in 
general, the hardness of an organization (the organization which did air cooling after hot working deserves) which carried out air cooling 
from austenitizing temperature becoming high too much, and workability getting worse. 

[0012] Next, after it carried out hot working of the steel materials which contain C, Si, Mn, and Cr by various presentations to the 
cylindrical test piece with a diameter [ of 25mm ], and a die length of 80mm and they carried out air cooling to it, within the coil for 
heating, in frequency [ of 10kHz ], and heating time 4 seconds, induction heating was carried out, water cooling of them was carried out 
and they carried out induction hardening. Micro-Vickers-hardness measurement was performed in the axial cross section of the 
cylindrical test piece after hardening, and it asked for the location used as Hv450 (the rate of martensite area is the hardness 
equivalent to the organization which is 50%), and asked for the radial depth from a bar front face to this location as hardening hardening 
layer thickness t. The result plotted to the hardening sex index which computed this hardening hardening layer thickness t using f (C) 
set to Table 2, f (Si), f (Mn), and f (Cr) is shown in drawing 5 . Although presentations differ variously, when a presentation is converted 
into a hardening sex index and hardening hardening layer thickness t is plotted, in order that almost linear relation may be materialized 
among both and a hardening sex index may perform the hardening depth, it turns out that it is a suitable parameter. As for hardening 
hardening layer thickness t, a hardening sex index serves as the range of 5.8~7.5mm in the range of 1.1-1.5. That a hardening sex index 
becomes less than 1.1 that t is set in general to less than 5.8mm, the case of a large-sized structural part, hardening hardening layer 
thickness t is relatively insufficient, and, as for things, the reinforcement to bending or torsion becomes impossible. On the other hand, 
if a hardening sex index exceeds 1.5, it will lead to the addition of C, Si, Mn, and Cr increasing beyond the need, a hardness 
characteristic stopping satisfying the aforementioned range, and workability getting worse. 

[0013] Moreover, if the rate of ferrite area of an organization which carried out air cooling becomes less than 20% from 1000 degrees C, 
it will lead to a pearlite organization becoming superfluous and workability getting worse. On the other hand, when the rate of ferrite 
area exceeded 40% and a hardening hardening layer is formed with induction hardening, it is connected with reinforcement running 
short, if a ferrite phase becomes easy to remain and it pulls in hardness in a hardening layer. 

[0014] Hereafter, the reason for presentation limitation of each component of the steel materials which constitute the induction 
hardening components of this invention is explained. First, C is an element indispensable for reservation of an ingredient on the 
strength. The content becomes impossible [ forming the hardening hardening layer of hardness required for components maintenance 
on the strength ] under by 0.35 mass %. On the other hand, if 0.5 mass % is exceeded, the machinability of an ingredient will deteriorate 
and it will become easy to generate the baking crack at the time of induction hardening. 

[0015] Although added as a deoxidizer, Si functions also as crystal stressing or a softening resistance improvement element, and 
contributes to the improvement in on the strength, especially the improvement in on the strength of a hardening hardening layer. 
However, if the deoxidation effectiveness or the improvement effectiveness in on the strength has little the content under at 0.02 mass 
% and 0.15 mass % is exceeded, it will lead to cold-working nature and machinability being spoiled. 

[0016] Mn functions as a desulfurization element which fixes S which drops grain boundary reinforcement in the form of MnS, and also 
has the work which raises hardenability. Consequently, a strong high hardening hardening layer is contributed to forming stably. 
However, if content is deficient in effectiveness at under 0.5 mass % and exceeds 1 mass %, it will lead to cold-working nature and 
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mach inability being spoiled. 

[0017] Cr raises the toughness of a martensitic phase of an ingredient and contributes to improvement in the hardness of a hardening 
hardening layer, toughness, as a result reinforcement. Moreover, it functions also as a softening resistance improvement element. 
However, it will be connected with reducing the machinability of an ingredient, if a content is deficient in effectiveness at under 0.05 
mass % and exceeds 0.5 mass %. 

[0018] Since aluminum functions as a deoxidizer, and also combines with N in steel materials and deposits AIN, coarsening ****** has 
the effectiveness which controls the reinforcement or the toughness fall by it. However, it is deficient in effectiveness at under 0.002 
mass %, and if content makes it contain exceeding 0.03 mass %, it will make the unnecessary inclusion in a steel-materials substrate 
increase, and will lead to the fall of reinforcement or toughness. 

[0019] B raises hardenability, and raises grain boundary reinforcement, and contributes to the improvement in on the strength of a 
hardening hardening layer. However, an addition is deficient in effectiveness at under 0.0005 mass %, and if it is made to contain 
exceeding 0.003 mass %, it will lead to degradation of hot-working nature. 

[0020] By performing coaddition with the above-mentioned B, Ti has the operation which makes more remarkable effectiveness of 
raising the hardenability and grain boundary reinforcement by B addition. If B combines with N contained in a steel-materials substrate, 
since it deposits as BN, it becomes impossible to demonstrate a grain boundary improvement effect on the strength. However, if Ti is 
* added, formation of TiN will be promoted, N component will be fixed and it will be prevented that B is consumed in the form of BN 
deposit. Consequently, the improvement effectiveness in grain boundary on the strength by B addition becomes remarkable. However, if 
effectiveness with a content remarkable at under 0.02 mass % cannot be desired but 0.05 mass % is exceeded, it will lead to the 
toughness fall of steel materials. 

[0021] Moreover, in order to make more remarkable effectiveness of raising the hardenability and grain boundary reinforcement by B 
addition, it is also effective to reduce the content of N combined with B, and the content of N in the steel materials to be used is 
restricted to below 0.01 5 mass % in this invention for this purpose. 

[0022] Moreover, to the steel materials used in this invention, even if there are little Pb of 0.01 - 0.2 mass %, S of 0.02 - 0.20 mass %. 
Bi of 0.01 - 0.1 mass %, and calcium of 0.0005 - 0.02 mass %, either can be added. Each of these elements can reduce the processing 
cost sharply, when functioning as a free-cutting grant element and performing removal processing, such as cutting, to steel materials. 
However, when an addition also becomes each element under a lower limit, it is deficient in the free-cutting grant effectiveness, and 
since effectiveness is saturated, the addition beyond a upper limit has much futility. 
[0023] 

[Embodiment of the Invention] Drawing 1 shows an example of the crankshaft which is an example of the induction hardening 
components of this invention. This crankshaft 1 comes to have the structure connected by turns with the crank pin 5 which has a 
medial-axis line in radial in a fixed spur isolation ****** location from the crank journal 4 arranged in the crank arm 2 arranged at the 
predetermined spacing in the direction of axis of rotation O so that axis of rotation O and a medial-axis line may be in agreement, and 
axis of rotation O. As each comes to form a crank journal 4 and a crank pin 5 in the shape of [ of a circular cross section ] a shaft and 
they are shown in drawing 2 and drawing 3 , the induction hardening hardening layer 10 is formed in the whole peripheral face. This 
induction hardening hardening layer 10 is the following, and is made and formed, first , the material by which cogging be carried out 
after the dissolution / casting in the raw material be process into a crankshaft configuration by hot forging and cutting , this be insert 
into the coil for heating , high-frequency induction heating of the surface section be carry out so that it may become the temperature 
of 900-1100 degrees C , after [ which responded to the components dimension / suitable ] carry out time amount ( for example , 10 - 
40 seconds ) maintenance , by carry out water cooling , induction hardening be perform and the hardening hardening layer 10 be form . 
[0024] Thickness t of a hardening hardening layer is defined by the distance to the location which serves as hardness equivalent to the 
50% of the amounts of martensite formation from a shaft surface in radial. As shown in drawing 2 , in order to combine with a crank pin 
5 (shaft-like part) the connecting rod which is not illustrated for making the piston by the side of an internal combustion engine 
reciprocate, the pore 8 which carries out opening to a peripheral face is formed. And when thickness of a crank journal 4 and a 
hardening hardening layer [ in / for the outer diameter of a crank pin 5 (shaft-like part) / 2R and the opening periphery section of a 
pore 8 ] is set to t, it comes to make t/R into 0.2-0.5. At the time of an internal combustion engine drive, a big torsion load arises in a 
crank journal 4 and a crank pin 5. According to the torsion theory of continuum mechanics, it is known that the torsional rigidity of a 
member will decrease greatly when the hole and slit which are opened to a peripheral face are formed. In this case, in the opening 
periphery section of a pore 8, if hardening hardening layer thickness t is secured so that t/R may be set to 0.2-0.5, ************ and 
torsion fatigue strength of a crank journal 4 and a crank pin 5 (shaft-like part) can be raised sharply. t/R may become insufficient [ less 
than 0.2 / the above-mentioned reinforcement ]. 

[0025] Moreover, if a hardening hardening layer is formed only in the member surface section with induction hardening, compressive 
residual stress will arise on a member front face, and it will become still more advantageous to the improvement in on the strength. 
This is for the direction of the hardening hardening layer from which a martensitic phase serves as a subject to expand more greatly to 
the inner layer section which serves as a ferrite phase (pearlite phase is included) subject However, if t/R exceeds 0.5, generating of 
compressive residual stress may become less remarkable, and may lead to the lack of on the strength. 

[0026] Next, a crank arm 2 forms the basic surface formation section by which the adjoining crank arm 2 and the field which counters 
were set to plane basic surface 2a. And a crank journal 4 and a crank pin 5 are equivalent to the shaft-like part projected and formed 
from this basic surface 2a. As shown in drawing 1 and drawing 3 . the fillet section 7 which makes an outer diameter increase gradually 
is formed in a crank journal 4 and the protrusion end face section of a crank pin 5 (shaft-like part), so that it goes to the basic surface 
2a side. It is a concave, when a bending load acts, it is easy to carry out stress concentration, but stress concentration is eased and a 
protrusion end face edge can raise flexural strength, if the above fillet sections 7 are formed. The fillet section 7 is made into the 
concave R side in this operation gestalt 

[0027] In drawing 3 . when thickness of 2R* and the hardening hardening layer formed in the front face of the fillet section 7 is made 
into t' for the outer diameter of the fillet section measured in the arbitration location in a crank journal 4 and the direction of an axis of 
a crank pin 5 (shaft-like part), as for the maximum in the fillet section 7 of t7R\ being referred to as 0.1-0.2 is desirable. tYR' may 
become insufficient [ less than 0.1 / flexural strength ]. Moreover, if tYR* exceeds 0.2, generating of the compressive residual stress in 
the surface section of the fillet section 7 may become less remarkable, and may lead to the lack of flexural strength. 
[0028] 
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[Example] The following experiments were conducted in order to investigate the effectiveness of this invention. 

(Example 1) After having blended the raw material so that the presentation shown in Table 1 might be acquired, and ingoting a 150kg 
steel ingot with an electric furnace, hot forging was carried out at 850 degrees C, after holding at 1000 more degrees C for 2 hours, air 
cooling was carried out, and various bars with a diameter of 20~50mm were produced. Moreover, the degree-of- hardness characteristic 
and the hardening sex index are computed by the above mentioned definition for every presentation. This is shown in Table 3. 
!0029] 

Jable 3] 





No. 














C 


Si 


Mn 


Cr 


Al 


Ti 


N 


B 










1 


0. 42 


0. 08 


0. 90 


0. 25 


0. 005 


0.037 


0.010 


16 




0. 66 


1. 37 




2 


0. 39 


0. 10 


0. 75 


0. 21 


0. 003 


0. 035 


0. 009 


15 




0.60 


1. 27 




3 


0. 48 


0. 08 


0. 54 


0.28 


0. 015 


0. 033 


0. 008 


14 




0.66 


1.25 




4 


0. 46 


0. 09 


0.71 


0. 21 


0. 003 


0. 031 


0.007 


14 




0. 66 


1.28 


m 


6 


0.44 


0. 08 


0. 56 


0. 25 


0. 005 


0. 035 


0.009 


16 




0. 62 


1. 23 




6 


0. 45 


0.11 


0. 54 


0.33 


0.004 


0. 039 


0. 010 


15 




0. 65 


1.28 




7 


0. 42 


0. 10 


0. 82 


0.30 


0.005 


0. 041 


0. 011 


15 




0. 65 


i. 37 


mm 


8 


0. 43 


0. 11 


0.85 


0.35 


0.005 


0. 036 


0.009 


14 




0. 68 


1.42 






























1 


0.31 


0. 15 


0. 45 


0.31 


0.005 


0.035 


0.009 


18 




0. 49 


1. 15 




2 


0. 55 


0. 12 


0. 54 


0. 28 


0.004 


0.034 


0. 010 


14 


0. 0015Ca8sflH 


0.74 


1.29 


ws.m\ 


3 


0.45 


0. 14 


0. 25 


0. 15 


0. 007 


0.039 


0. 011 


12 




0.57 


0. 98 




4 


0.40 


0.50 


0. 50 


0. 15 


0. 005 


0. 041 


0.009 


15 




0.58 


1.21 J 


iss&si 


5 


0. 49 


0. 15 


1. 10 


0.40 


0. 004 


0.039 


o.ooa 


15 


0.07S&AO 


0.79 


1.67 I 




6 


0.45 


0. 10 


0. 87 


0. 25 


0. 007 


0.035 


0.010 


17 




0.68 


1. 37 


E3££l 


7 


0. 47 


0. 10 


0. 55 


0. 30 


,0.015 


0.035 


0. 008 


16 




0.66 


1.27 f 



[0030] The Rockwell B-scale-weighting hardness HRB of the peripheral face of this specimen was measured by the approach to which 
it was specified at JIS:Z2245. Moreover, the following various trials were performed using the above-mentioned bar. 
[0031] ** Cut the tool life ratio measurement above-mentioned material, produce a with a diameter die length [ 300mm die length of 
50mm ] test piece, and perform a cutting trial. Using P10 sintered carbide tool as a cutting tool, with peripheral-speed 300 m/min, the 
amount of slitting of 2mm per one revolution, and the feed per revolution of 0.2mm per one revolution, cutting is continued in dry type 
and let the time of flank abrasion loss being set to 0.2mm be a tool life. The tool life is expressed as a tool life ratio to the example 7 of 
a comparison. 

[0032] ** As the cutting process by turning of the peripheral face of the bending fatigue strength test above-mentioned material was 
carried out and it was shown in drawing 3 , the test piece which the shaft-like part of the shape of a cylinder whose diameter reduction 
side is the outer diameter of 30mm is formed, and has the fillet section of the shape of a concave R side with a radius of curvature of 
2mm in the end face location of this shaft-like part was obtained. Subsequently, the test piece was inserted into the coil, the coil was 
fixed, and induction hardening was performed by carrying out high-frequency induction heating (temperature of about 1000 degrees C), 
and carrying out water cooling on the frequency of 100kHz. The member was heated at 180 degrees C after this hardening for 60 
minutes, air cooling was carried out after that, and tempering processing was performed. The bending fatigue tester was equipped with 
this above-mentioned test piece, and the value of the repeat bending stress from which the count of repeat fracture becomes 2x106 
times was calculated as bending fatigue strength. 

[0033] In addition, while preparing the specimen which is not in a fatigue test **♦*. cutting in the cross section containing a medial- 
axis line and measuring the minute Vickers hardness number distribution in radial in the various locations of the direction of an axis of 
the fillet section, Vickers hardness number HV2 in a shaft center location was measured. In addition, as for the amount of martensite in 
a shaft surface, the amount of martensite in a core is checking that it is 0% about 100% by rate measurement of area on an optical 
microscope observation image. And it computed with the proportionality interpolation using the value of HV1 and HV2, having assumed 
the hardness HVm (= Hv450) which is equivalent to the amount of martensite 50% that hardness is proportional to the amount of 
martensite, and asked for hardening hardening layer thickness t from the location where hardness serves as HVm in the minute Vickers 
hardness number distribution which measured to radial, and t/R was computed. Moreover, the observation image in the optical 
microscope mirror of a cross-section core was photoed, and it asked for the rate of area of a ferrite and a pearlite by image analysis. 
[0034] ** The cylindrical test piece with a torsion fatigue strength outer diameter [ of 20mm ] and a die length of 220mm was 
prepared, and as shown in drawing 2 , the through tube with a bore of 2mm was formed in the direction mid gear of an axis. Induction 
hardening was performed by carrying out high-frequency induction heating (temperature of about 1000 degrees C). and carrying out 
water cooling on the frequency of 10kHz. by ******, inserting the test piece into a coil and moving a coil. The member was heated at 
180 degrees C after this hardening for 60 minutes, air cooling was carried out after that, and tempering processing was performed. 
Repeatedly, the value of torsion shearing stress was twisted and it asked as fatigue strength until rt equipped the torsion fatigue tester 
with the account test piece and the count of repeat fracture besides became 2x106 times. 

[0035] In addition, the specimen which is not in a fatigue test **** was prepared, it cut in the cross section containing a medial-axis 
line, the minute Vickers hardness number distribution in radial was measured in the location distant from the through tube opening edge 
1mm in the direction of an axis, and t/R was computed like the fillet section so that a through tube might be crossed in the diameter 
direction. 

[0036] The above result is shown in Table 4. 
[Table 4] 



http://N^w4.ipdl.ncipi.go.jp/cgi-bin/tran_web^cgi^eije 



2006/09/07 



JP,2003-253395,A [DETAILED DESCRIPTION] 



5/5 



IST4V 


no. 


fix c 


/x/i h 












XS/Lr HE 14. 


t3L L, V «t77 










^zjb* 14, 


*1 \3Vf) 


*1 


5»Bt UlraJ 




♦2 






i 


yo. U 


CO. £, 


1 A 
1. 0 


651 


A 1 T 


DUO 


CCA 

boil 


0. 25 


213 




9 
Z 


□ 1 R 

HI. 0 


QQ O 


1. 1 


624 


A 1 C 

U. lo 


ceo 
boy 


CIA 

blO 


0. 31 


195 


km 


n 
•3 


Oil o 




1. 0 


692 


0. 14 


634 


695 


0. 27 


203 




4 


Oil C 


^y. r 


1. 9 


680 


0. 12 


634 


681 


0. 43 


241 




c 
O 


yo. l 


9/1 9 

04. / 


1. 7 


DOT 


A IT 

0. 17 


bZl 


boo 


0. 41 


245 




O 


OO C 


in i 


o o 

i. c 


673 


i A 1 0 

u. iy 


coo 
b2o 


673 


0. 28 


205 




T 




9R 1 


O /I 

4. 4 


001 


A 19 

U. lo 


DvlO 


00 1 


0. 29 


on* 

201 




Q 

o 


yo. o 


99. C 
£0. 0 


£. 0 


659 


A 1 C 

0. lb 


bio 


CCA 

650 


0. 31 


202 


L 
























1 

1 




64. 1 


1 A 




nit 




COA 


n 91 

U. CiL 


1 A9 


1^1531 


2 


99.8 


18.3 


0.6 


726 


0. 16 


436 


731 


0. 35 


216 




3 


90.1 


47.3 


1.2 


602 


0. 12 


505 


615 


0. 25 


182 


1131331 


4 


90.5 


51.0 


1.2 


591 


0. 16 


442 


581 


0. 29 


172 




5 


103.2 


6.9 


0.5 


697 


0. 15 


628 


701 


0.31 


181 




8 


96.8 


24.9 


0.9 


673 


0. 35 


464 


672 


0.65 


121 




7 


96.1 


28.3 


1.0 


686 


0.05 


451 


680 


0. 11 


112 



[0037] According to this result, having a comparatively big dimension with a diameter of 30mm, the steel materials which fill the 
presentation range of this invention can form a hardening layer thickly enough, and it turns out also in any of bending fatigue strength 
and torsion fatigue strength that they are high. Moreover, the cutting ability in the condition of not hardening is also good. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2:**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The front view showing the one example slack crankshaft of this invention. 
. [Drawing 2] The pore prepared in the crank journal and the crank pin, and drawing explaining relation with hardening hardening layer 
thickness. 

[Drawing 3] Drawing which explains relation with hardening hardening layer thickness to be a crank journal and a crank pin, and the fillet 
" section formed in the connection with a crank arm. 
[Drawing 4] The graph which shows the relation between a degree-of-hardness characteristic and steel-materials hardness. 
[Drawing 5] The graph which shows the relation between a hardening sex index and hardening hardening layer thickness. 
[Description of Notations] 

1 Crankshaft 

2 Crank Arm (Base) 

4 Crank Journal (Shaft-like Part) 

5 Crank Pin (Shaft-like Part) 

7 Fillet Section 

8 Pore 



[Translation done.] 
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No. 


ftriUU 


r <AM% fc£LBt±DBD> 






c 


Si 


Md 


Cr 


Al 


Ti 


N 


B 






1 


0.42 


0.08 


0.90 


0. 25 


0. 005 


0. 037 


0. 010 


16 




0. 66 


1. 37 




2 


0. 39 


0. 10 


0. 75 


0. 21 


0. 003 


0.035 


0. 009 


15 




0.60 


1.27 i 




3 


0.48 


0.08 


0.54 


0.28 


0. 015 


0.033 


0. 008 


14 




0. 66 


1.25 




4 


0.46 


0.09 


0. 71 


0.21 


0. 003 


0.031 


0. 007 


14 


0. 14Pb$&&D 


0.66 


1.28 




5 


0. 44 


0. 08 


0.56 


0. 25 


0.005 


0. 035 


0. 009 


16 


0. 07Bi$fcfiD 


0. 62 


1. 23 




6 


0.45 


0. 11 


0.54 


0.33 


0. 004 


0. 039 


0.010 


15 


0. 0015Cafi 


5ft] 


0. 65 


1.28 




7 


0. 42 


0. 10 


0.82 


0.30 


0. 005 


0. 041 


o. on 


15 


0. 07S8W 


3D 


0. 65 


1.37 




8 


0. 43 


0. 11 


0.85 


0.35 


0. 005 


0. 036 


0. 009 


14 


o. i3smm 


0. 68 


i 1.42 
































1 


0.31 


0. 15 


0. 45 


0.31 


0. 005 


0.035 


0. 009 


18 




0.49 


I. 15 






H 


2 


0. 55 


0. 12 


0.64 


0. 28 


0. 004 


0. 034 


0. 010 


14 


0. 0015Ca&ftl 


0. 74 


I. 29 


tfci 




3 


0. 45 


0. 14 


0.25 


0. 15 


0. 007 


0.039 


0. 011 


12 




0. 57 


0.98 


tti 




4 


0.40 


0.5O 


0.50 


0. 15 


0. 005 


0. 041 


0. 009 


15 




0.58 


1.21 






5 


0. 49 


0.15 


1. 10 


0.40 


0. 004 


0.039 


0. 008 


15 


0.07S8tfJH 


0.79 


1.57 




1 


6 


0. 45 


0.10 


0.87 


0.26 


0. 007 


0.035 


0.010 


17 




0.68 


1.37 ! 






7 


0. 47 


0.10 


0. 55 


0. 30 


0.015 


0.035 


0.008 


16 




0.66 


1. 27 
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02KtS-TJ:5K. «®:£|o)ttJ4Waa«:. ftS2mm© 

*fAU n -OI/*#«i3tt&#<bjajgtfcl o kH z 4CT 
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Z'if^tc. C©±f3l*giJt£. feC9£&t4KflUc£tt 
L. «9jIL8S»r[5]&**2 x l 0 e 0£&£$-elS9;i 

[0 035] £^8ICC«3£C>imK.=£ffl.mt, 
20 r*j#. »a?L*itt8*l6|{c»W*J:5R:. 

mute. 

[0 036] y±cr>*£m^^4 tCyjkt. 
[3*4] 





No. 




7x7^ 




















(HRB) 


WWW 




*1<HV) 


*i 




*2(HV) 


*2 






1 


95.0 


28.2 


1.0 


651 


0. 17 


608 


650 


0.25 


213 




2 


91.5 


38.8 


1. 1 


624 


0. 15 


569 


610 


0. 31 


196 




3 


94.8 


28.0 


1.0 


692 


0. 14 


634 


695 


0.27 


203 




4 


94.5 


29.7 


1.9 


680 


0. 12 


634 


681 


0.43 


241 




5 


93. 1 


34.7 


1.7 


666 


0. 17 


621 


665 


0. 41 


245 




6 


92.5 


30. 1 


2.2 


673 


0. 19 


628 


673 


0.28 


205 




7 


94. 1 


28. 1 


2.4 


651 


0. 13 


608 


651 


0.29 


201 




8 


95.8 


23.5 


-2.5 


659 


0. 16 


615 


650 


0.31 


20? 


























1 


85.3 


54. 1 


1.4 


523 


0. 13 


421 


520 


0.21 


142 




2 


99.8 


18.3 


0.6 


726 


0. 16 


436 


731 


0. 35 


215 




3 


90.1 


47.3 


1.2 


602 


0. 12 


505 


615 


0. 25 


182 




4 


90.5 


51.0 


1.2 


591 


0.16 


442 


581 


0. 29 


172 




5 


103.2 


5.9 


0.5 


697 


0.15 


628 


701 


0. 31 


181 




6 


96.8 


24.9 


0.9 


673 


0. 35 


464 


672 


0. €5 


121 




7 


96.1 


28.3 


1.0 


686 


0.05 


451 


680 


0.11 


112 i 
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